This paper examined knowledge about the health effects of smoking among health equity groups following the 2012 introduction of refreshed pictorial health warning labels (HWLs) in Canada.
INTRODUCTION
Tobacco use is the leading cause of disease and premature death worldwide (World Health Organization, 2014) . Adolescence is a critical period for tobacco-use initiation (U.S.
Department of Health and Human Services, 2012) , and therefore a public-health priority. On average, smokers report smoking their first cigarette at age 16, and start smoking regularly at age 18 (Janz, 2012) . Although youth smoking is generally declining in developed countries (Eriksen et al., 2015) , differences in smoking prevalence remain among youth by gender, socio-economic status (SES), and race/ethnicity. Smoking rates are higher among males than females (Reid et al., 2015) . Individuals with lower SES smoke cigarettes at higher rates (Gupta et al., 2007; Reid et al., 2010a) and are disproportionately affected by the harms of tobacco use (Reid et al., 2010b) .
In 2011, approximately 12% of youth, aged 15-17, from lower-income households were smokers, compared to 7.0% of youth in higher-income households (Janz, 2012) . Adolescents with European ancestry (Asbridge et al., 2005) and Indigenous youth also smoke at higher rates (Elton-Marshall et al., 2011; Lemstra et al., 2011) .
One intervention to address smoking-related health disparities is pictorial health warning labels (HWLs) on tobacco packages. HWLs have broad reach and are a major source of health information, even for non-smokers (Hammond, 2011) . Therefore, they have the potential to reduce disparities in access to information about the health effects of smoking (White et al., 2008) . Evidence suggests that countries with pictorial HWLs have fewer disparities in health knowledge among adults across educational levels (Siahpush et al., 2006) . Thus, pictorial warnings may be more effective than text-based warnings as they do not require the same level of literacy (Hammond, 2011) . In 2001, Canada was the first country to implement pictorial HWLs on cigarette packages. Recent evidence suggests that adult smokers in Canada receive
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A C C E P T E D M A N U S C R I P T most of their anti-smoking information from HWLs on cigarette packages (ITC Project, 2013) .
New HWLs were introduced in Canada in 2012, and covered 75% of the front and back of cigarette packages. The warnings were rotated with equal frequency. The labels featured new warnings about tobacco-related diseases by linking smoking to bladder cancer ( Figure 1 ) and vision loss (Hammond, 2013) .
Surveys of adult smokers have found that smokers are inadequately informed of the health effects of smoking, with lower-SES smokers being less knowledgeable (Siahpush et al., 2006) . Although many adult smokers believe that smoking causes heart disease and lung cancer, fewer believe that smoking causes stroke, impotence or vision loss (Kennedy et al., 2012) . In 2011, less than half of Canadian adult smokers knew that smoking causes breast cancer, bladder cancer, and blindness (ITC Project, 2013) . Given that early detection is associated with more positive prognoses for these conditions, information about specific health effects of smoking is critical (Chapman and Liberman, 2005) . Existing research regarding knowledge about the health effects of smoking among Canadian adolescents is limited and largely descriptive (Chaiton et al., 2005; Morrison et al., 
A C C E P T E D M A N U S C R I P T 2005; Wong and Manske). In 2004, it was reported that 97% of adolescents knew that smoking causes lung cancer, but fewer knew that smoking causes asthma (60%) or "heart problems" (70%) (Wong and Manske) . It has further been found that most smokers begin smoking prior to age 18 (Janz, 2012; U.S. Department of Health and Human Services, 2014) , and that this early initiation is associated with a greater likelihood of developing tobacco-related diseases (Huxley et al., 2012) . Longitudinal research has demonstrated that adolescents who perceive more longterm health risks of smoking (e.g., getting lung cancer) are less likely to initiate smoking (Song et al., 2009) . Research also suggests that adolescents are less likely to intend to smoke if they are exposed to anti-smoking messages that depict smoking-related disease and suffering (Pechmann and Reibling, 2006) . It is therefore critical that tobacco-control prevention strategies ensure that adolescents are adequately informed about the health effects of smoking to reduce smoking prevalence.
Given that the current generation of Canadian adolescents have grown up with pictorial HWLs, we hypothesize that they will have considerable knowledge about the health effects of smoking as depicted in the HWLs. However, no research to date has examined knowledge about these health effects among Canadian adolescents since the implementation of the updated HWLs.
Based on previous research of Canadian adolescents, we expect that there will also be sociodemographic differences, such that females and those in higher grades will be more knowledgeable (Morrison et al., 2005) . The current study therefore examines knowledge about the health effects of smoking among a representative sample of adolescents in Canada following the introduction of new HWLs in 2012.
METHODS

Study Protocol
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A C C E P T E D M A N U S C R I P T Research-ethics approval for this study was obtained from the University of Waterloo and local school boards. Further details about the YSS protocol, sampling, and survey-weight construction is available (Propel, 2013) .
Measures
Demographic variables
Respondents reported gender, grade (6-12), province, and race/ethnicity (White, Black, Asian, Aboriginal, Latin American/Hispanic, other) where a single minority group or a minority group and "White" was categorized by the minority group and two or more minority groups were "other". Consistent with previous research (Elton-Marshall et al., 2011) , spending-money was measured by: "About how much money do you usually get each week to spend on yourself or to save?" ($0, $1-$20, $21-$100, $100 or more, "don't know/missing").
Health Knowledge
Consistent with previous research (Yang et al., 2010) , respondents were asked: "What health problems can people get if they smoke for many years? (mark all that apply)--asthma, premature or early death, lung cancer, heart disease, gum/mouth disease, chronic bronchitis/emphysema, bladder cancer, vision loss/blindness". An additive index was created, ranging from 0 to 8 (higher scores indicating greater knowledge). The scale has demonstrated reliability (Cronbach's alpha=0.84).
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A C C E P T E D M A N U S C R I P T Parent, Sibling, and Friend Smoking Adolescents (including non-smokers) have greater exposure to cigarette-package HWLs if they have a parent or friend who smokes (White et al., 2008) . Parent/sibling/friend smoking was therefore a covariate in analyses. Respondents were asked to indicate how many: (a) friends; (b) parents; (c) siblings smoke cigarettes ("yes" if >= 1 and "no" if "none", "I don't know" or "not applicable").
Cigarette packaging
Respondents were asked: "Thinking about the last time you bought cigarettes in the last 12 months, what did you buy?" Responses were categorized to compare packaged and unpackaged cigarettes ("did not buy cigarettes," "bought in the form of singles or loose tobacco," and "bought pack or carton").
Smoking status
We expect differences in exposure to knowledge about the health effects of smoking as a function of smoking status, because smokers likely have greater exposure to HWLs versus nonsmokers (White et al., 2008) . We examined differences by smoking status and defined smokingstatus groups consistent with definitions from the YSS User Guide (Burkhalter et al., 2013) .
Current smokers had smoked at least 100 cigarettes in their lifetime, and smoked in the past 30 days. Former smokers had smoked at least 100 cigarettes in their lifetime but not in the past 30 days. Experimental smokers had smoked anywhere from less than one cigarette to less than 100 cigarettes in their lifetime. Non-smokers had never tried smoking.
Susceptibility to future smoking Susceptibility was based on the algorithm developed by Pierce et al. (1996) and validated in Canadian-youth samples. Among non-smokers, susceptibility was measured by asking: "Do
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A C C E P T E D M A N U S C R I P T you think in the future you might try smoking cigarettes?", "If one of your best friends were to offer you a cigarette, would you smoke it?", and "At any time during the next year do you think you will smoke a cigarette?" Response options were: definitely yes, probably yes, probably not, definitely not. Respondents were susceptible to future smoking if they responded positively to at least one item and not susceptible to smoking if they responded "definitely not" to all three questions (Pierce et al., 1996) .
Data Analysis
Descriptive cross tabulation analyses were used to examine adolescent knowledge of the eight health effects of smoking by smoking status. Significance was assessed using the first-order Rao-Scott chi-square test (Rao and Scott, 1987) . Logistic regression analyses were used to examine sociodemographic differences in knowledge about each health effect of smoking.
Ordinary least squares (OLS) regression was used to examine factors associated with adolescents' overall knowledge (health knowledge index) of the health effects of smoking, with reported beta coefficients adjusted for covariates in the model. In all analyses, bootstrap survey weights were used to adjust for non-response. Analyses were conducted separately for each smoking-status group except former smokers due to small sample size (n=343). STATA 12.0 was used for all analyses.
RESULTS
Sample characteristics are presented in Table 1 . Overall 29.7% of adolescent nonsmokers were susceptible to future smoking. The majority of experimental smokers did not buy their cigarettes (82.1%) and few purchased cigarettes in packages/cartons (12.1%), whereas most current smokers purchased cigarettes in packages/cartons (83.3%).
Knowledge by Smoking Status
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A C C E P T E D M A N U S C R I P T Figure 2 presents knowledge about the health effects of smoking for the overall sample and by smoking status. Most respondents linked smoking to lung cancer (93.9%). Fewer knew that smoking causes gum/mouth disease (77.6%), heart disease (67.9%), asthma (67.3%), premature/early death (63.4%), or chronic bronchitis/emphysema (52.9%). A minority of adolescents knew that smoking causes bladder cancer (33.7%) or vision loss/blindness (32.2%).
The mean score for knowledge about the health effects of smoking was 4.89 out of 8.
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Non-Smoker n = 35,134
Experimental n = 9,146 
Experimental n = 9,146 Current Smoker n = 2,580 
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Knowledge about the Specific Health Effects of Smoking
Logistic regression analyses were used to examine sociodemographic and other differences in knowledge about each health effect of smoking (Table 2) . Although unadjusted prevalence rates indicated that non-smokers were less knowledgeable about many health effects
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A C C E P T E D M A N U S C R I P T (Figure 2 ), this pattern differed after controlling for sociodemographic factors in regression models (Table 2) . Current smokers were less knowledgeable of the effects of smoking on asthma, lung cancer, gum/mouth disease, and chronic bronchitis/emphysema compared to nonsmokers, after controlling for sociodemographic factors. They were more knowledgeable than non-smokers about the effects of smoking on bladder cancer and vision loss/blindness. For example, current smokers were 1.46 times more knowledgeable about bladder cancer than nonsmokers.
There were significant differences in knowledge about the health effects of smoking by health-equity groups. Ethnic minorities were consistently less likely to link smoking to each measured health effect compared to White adolescents. Specifically, Aboriginal and Black adolescents were significantly less likely to agree that smoking causes each of the health effects.
For most health effects, adolescents with more spending-money were more likely to agree that smoking causes each of the health outcomes compared to adolescents with less money.
Females were also more likely to agree that smoking causes each of the health effects compared to males, with the exception of bladder cancer and vision loss/blindness. Adolescents in higher grades were more likely to agree that smoking causes each of the health effects than adolescents in lower grades.
Factors Associated with Overall Knowledge about the Health Effects of Smoking by Smoking Status
OLS regression was used to examine factors associated with overall knowledge about the health effects of smoking by smoking status (Table 3) . Models were run separately for: nonsmokers (Model 1), experimental smokers (Model 2), and current smokers (Model 3). 
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Among non-smokers (Model 1), racial/ethnic minorities were significantly less knowledgeable about the health effects of smoking than White adolescents while adolescents with more spending-money were significantly more knowledgeable. Non-smoking adolescents who were susceptible to smoking in the future knew significantly less about smoking health effects versus those who were not susceptible. Females, adolescents in higher grades, and adolescents in Quebec were also less knowledgeable compared to adolescents in Ontario. Having a friend, parent, or sibling that smokes was not significantly associated with increased knowledge about the health effects of smoking among non-smokers.
Among experimental smokers (Model 2), Aboriginal, Black, and Asian adolescents were less knowledgeable about the health effects of smoking than White adolescents. Adolescents with the most spending-money were more knowledgeable than those with the least. Females, adolescents in higher grades, and adolescents in Quebec were less knowledgeable about the health effects of smoking than adolescents in Ontario. Having a friend or parent who smokes was associated with greater knowledge about smoking health effects, whereas having a sibling who smokes was associated with less knowledge. Cigarette packaging was not a significant predictor of health knowledge for experimental smokers.
Among current smokers (Model 3), Asian and Latin American/Hispanic adolescents were significantly less knowledgeable about the health effects of smoking than White adolescents.
Adolescents with more spending-money were significantly more knowledgeable versus those with less spending money. Females and those in higher grades were more knowledgeable about the health effects. Adolescent smokers who bought cigarettes in singles/loose bags knew significantly less about the health effects than adolescent smokers who bought cigarettes in
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A C C E P T E D M A N U S C R I P T packs/cartons. There were no significant differences in knowledge among adolescent smokers who had a parent, friend or sibling who smokes compared to those who did not.
DISCUSSION
Adolescents in Canada are not equally knowledgeable about the health effects of smoking. Of particular concern is the pattern of disparities in knowledge. Across all smokingstatus categories, knowledge was lowest among ethno-racial minorities relative to White adolescents, and was highest for adolescents with the most spending-money (a proxy for SES)
relative to those with the least. Males were also less knowledgeable of the health effects than females. Additionally, non-smoking adolescents who were susceptible to future smoking were significantly less knowledgeable. Adolescents who perceive greater long-term health risks from smoking are significantly less likely to initiate smoking (Song et al., 2009) . Therefore to mitigate tobacco-related health disparities, smoking prevention programming that also reaches marginalized populations are needed to increase knowledge about the health effects of smoking.
HWLs are the primary source for information about the health effects of smoking for smokers (ITC Project, 2013 
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A C C E P T E D M A N U S C R I P T have long been the focus of media campaigns (Francis et al., 2017) . Alternatively, people may have difficulty understanding the mechanisms by which smoking can impact certain health outcomes (e.g., vision loss) and therefore may be less likely to believe that they are related to smoking (Shanahan and Elliott, 2009 ).
Knowledge about bladder cancer and vision loss/blindness post HWL change among adolescent smokers was consistent with research among adult smokers conducted during a comparable time period (Swayampakala et al., 2015) . Specifically, in this study, 49.4% of adolescent smokers agreed that smoking causes bladder cancer. Similarly, in 2012 and 2013, 38% and 51% of adult smokers endorsed this health link, respectively. In the current study, 51.8% of adolescent smokers stated that smoking yields vision loss/blindness. Among adult smokers, this percentage was 34% and 46% in 2012 and 2013, respectively. Although knowledge of bladder cancer and vision loss/impairment is low, it may ultimately be greater relative to the knowledge that existed prior to the HWL change in 2012 (Kennedy et al., 2012) .
For health effects that had been included on previous HWLs, knowledge was lower among adolescent smokers compared to a study of adult smokers conducted during a comparable time period (Swayampakala et al., 2015) . Among Canadian adult smokers, knowledge that smoking causes heart attacks ranged from 88% in 2012 to 85% in 2013, whereas 70.4% of adolescent smokers in this study agreed that smoking causes heart disease. These differences may stem from the manner in which heart problems were described across the studies ("heart attacks" vs. "heart disease"). Similar findings were noted for emphysema, with 59% of adolescent smokers recognizing it as a health effect, in comparison to 85% and 84% of adults smokers in 2012 and 2013, respectively. Additional research is needed to understand why adolescent smokers are less knowledgeable about health effects previously included in HWLs.
A C C E P T E D M A N U S C R I P T
One possible interpretation is that adolescents have had less long-term exposure to the HWL information compared to adult smokers.
After controlling for sociodemographic factors, smokers were less knowledgeable about many health effects of smoking, consistent with previous research, demonstrating that smokers have an optimistic bias about the health risks of smoking (Weinstein, 1998; Weinstein et al., 2005) . However, smokers were more knowledgeable of the health effects that were most recently added to the HWLs: bladder cancer and vision loss/blindness. This is likely attributable to greater exposure to HWL information.
Smokers who bought loose/bagged cigarettes rather than cigarettes in packages/cartons knew less about the health effects of smoking. Among experimental smokers, there were no significant differences in knowledge by cigarette packaging likely because few experimental smokers purchased their cigarettes. These findings demonstrate the potential importance of HWLs and pictorial warnings in particular, to educate adolescent smokers about the health effects of smoking, but only if adolescents are exposed to those HWLs.
Adolescent smokers with more spending-money were more knowledgeable about the health effects of smoking. This finding is consistent with previous research among adults demonstrating that low-SES smokers knew less about the health effects of smoking than high-SES smokers (Siahpush et al., 2006) . A potential explanation for these findings is that higher-SES smokers may be more likely to purchase cigarettes in cartons/packages, therefore increasing their exposure to HWLs. Additional strategies are therefore needed to increase knowledge about the health effects of smoking, particularly by ensuring that smokers are exposed to healthwarning information. This could include measures to address contraband tobacco use, and
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This study highlights the importance of complementary strategies to deliver information about the health effects of smoking through additional channels beyond pictorial HWLs to reach all equity groups. A study examining the impact of the implementation of HWLs in Australia demonstrated that the HWLs yielded increased knowledge about the health effects of smoking across smoking-status groups such that there were no significant differences in knowledge between smokers and non-smokers (White et al., 2008) . However, the HWLs were accompanied by a media campaign promoting the health-warning messages, which would have also reached non-smokers (White et al., 2008) . Therefore, this study suggests that media campaigns may be necessary to target non-smokers, experimental smokers, and adolescents who may not as likely be exposed to HWLs, as part of a comprehensive tobacco-control strategy.
Limitations
Smoking is associated with examined health outcomes, therefore potentially increasing the likelihood of acquiescence bias. Additionally, we did not ask respondents to spontaneously list the health effects of smoking. It is therefore possible that results are conservative and overestimate awareness about the health effects of smoking among adolescents. However, this would suggest an even greater need to increase knowledge. Although examining changes in health knowledge is one way to measure effectiveness of HWLs (Hammond et al., 2007) , the survey did not include direct measures of exposure to HWLs or anti-smoking measures. While we used a commonly employed threshold of 100 cigarettes for our smoking categories, we do acknowledge that this may be arbitrary (Bondy et al., 2009) as it is difficult to determine the qualitative difference for example between someone who smokes 99 cigarettes versus someone
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CONCLUSIONS
There are significant disparities in knowledge about the health effects of smoking by healthequity groups. HWLs are a population-level health intervention that has the potential to reduce disparities in knowledge about the health effects of smoking because access to health information is universal. However, some adolescents may avoid exposure to HWLs by buying loose cigarettes or receiving cigarettes from others. Measures to ensure that messaging is delivered even when cigarettes are not packaged may be warranted, and additional efforts to eliminate contraband tobacco availability are needed. Complementary prevention strategies are also needed to address disparities in knowledge for those not exposed to pictorial HWLs.
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